During the construction of a gas pipeline from an offshore gas field in northwest Ireland, a year-round shore-based marine mammal monitoring programme was undertaken. Using 6 yr of data, generalised estimating equations-generalised additive models (GEE-GAMs) were used to investigate if construction-related activity and vessel traffic influenced the occurrence of common dolphin, minke whale, harbour porpoise and grey seal within the area where the pipeline made landfall. Construction-related activity reduced harbour porpoise and minke whale presence, whilst an increase in vessel numbers (independent of construction-related activity) reduced common dolphin presence. All species showed some degree of annual and seasonal variation in occurrence. For common dolphins and harbour porpoises, we found similar seasonal patterns to those reported in broader Irish waters, which tentatively suggests that seasonal patterns persisted irrespective of construction-related activity or vessel traffic, indicating that any impact might have been only short-term. Multiple construction-related activities occurred simultaneously in different areas, and the inter-annual variation may, in part, be an indication of variation in species' response to particular activities, their intensity and their location. However, the precise location of the activities was not regularly recorded, limiting our ability to investigate the fine-scale spatio−temporal impact of the diverse range of construction-related activities. Improved communication and coordination between developers, regulators and scientists will help ensure that monitoring programmes are effective and efficient, to better inform our understanding of potential impacts and to mitigate effectively against them for future developments.
INTRODUCTION
Beyond natural stochastic processes, anthropo genic activities, such as the construction, operation and maintenance of marine developments can influence the abundance, distribution and behaviour of marine mammals (Teilmann & Carstensen 2012 , Pirotta et al. 2013 , Thompson et al. 2013a) . During the construction phase in particular, the site and its designated transit route tend to experience increased vessel traffic and anthropogenic noise. As most marine mammals rely heavily on sound to communicate, detect prey and/or navigate, the need to quantify the potential impact of construction-related activity has gained substantial momentum over the last 10 to 15 yr (Nowacek et al. 2007 , Hildebrand 2009 ). There is now a large body of research-based evidence showing that particular construction-related activities, such as pile driving (Brandt et al. 2011) , seismic surveys (Stone & Tasker 2006) and dredging (Pirotta et al. 2013 ) have negative impacts on marine mammals. Depending on the animals' proximity to the activity, the type of activity, and the context in which the area is being used by the animals, these may range from behavioural responses, such as displacement (Teilmann & Carstensen 2012 , Thompson et al. 2013a ) through to physiological impacts, including a temporary or permanent threshold shift in hearing (Kastak et al. 2005 , Lucke et al. 2009 , Kastelein et al. 2014 .
As marine mammals are highly mobile, designing feasible and appropriate monitoring programmes can be a challenge. This is further complicated by variation in spatial and temporal trends in occurrence attributable to stochasticity within the marine environment (e.g. Nottestad et al. 2015) . In some cases, such as harbour maintenance and development, the activities undertaken can be discrete and cover relatively small geographical regions (Pirotta et al. 2013 ); however, for large-scale projects, it is possible for developments to have multiple vessels, often conducting different activities in close proximity to one another. This makes successfully pinpointing direct impacts of specific construction-related activities on marine mammals difficult (e.g. Richardson et al. 1990 ). In addition to these mounting challenges, monitoring projects are often constrained financially (Taylor et al. 2007) , which makes the conventional approaches of double-platform boat-based or aerial line transects (Evans & Hammond 2004) unfeasible. Consequently, suitable vantage points for shore-based watches are often employed as a cost-effective method for monitoring marine mammals in coastal areas. Al though these platforms are geographically constrained, valuable data on trends in occurrence (Mendes et al. 2002 , Anderwald et al. 2012 , Embling et al. 2015 , displacement patterns (Teilmann & Carstensen 2012 , Pirotta et al. 2013 ) and fine-scale habitat preferences (Mendes et al. 2002 , Bailey & Thompson 2010 can be obtained.
In 2002, construction work began at a gas field, ~60 km offshore from northwest County Mayo, Ireland, a region recognised as an important cetacean habitat (Gordon et al. 1999 , Anderwald et al. 2012 , Wall 2013 . As a condition of the developer's licence, in 2001, University College Cork (UCC) was subcontracted to conduct a marine mammal monitoring programme in close proximity to the designated landfall site of the gas pipeline. At that time, there were no recommendations in place for pre-or post-consent monitoring of marine mammals in Ireland. Consequently, the developers followed the existing regulatory requirements, opting for intermittent shore-based marine mammal monitoring that coincided with periods of construction-related activity. In 2009 the importance of year-round monitoring was stressed, which led to the developers allocating more resources to the programme to allow continual shore-based monitoring. The present study uses these data from 2009 onwards to investigate the impact of vessel traffic and construction-related activity on the occurrence of 4 species of marine mammal in close proximity to the landfall site of the gas pipeline.
MATERIALS AND METHODS

Study area and data collection
The gas pipeline makes landfall at Glengad, inner Broadhaven Bay (Fig. 1) ; the outermost part of the bay is 10 km wide and is relatively shallow, with depths less than 50 m. Tidal fronts occur primarily around Erris Head, and there are a number of narrower shallow tidal inlets and estuaries which flow into the inner bay, close to the landfall site. Monitoring occurred from February 2009 to September 2014, irrespective of whether or not construction-related activity was occurring, and included a 1 yr post- Fig. 1 . Broadhaven Bay showing the location of the 2 shore-based vantage points and approximate location of the gas pipeline, which makes landfall near Glengad. Insert: location of the bay in relation to Ireland. Bathymetric contours were digitised from Admiralty chart 2703 'Broad Haven Bay and Approaches' construction monitoring period (September 2013− September 2014). Construction and exploration activities, which included seismic surveys, multi-beam surveys, remotely operated vehicle (ROV) surveys, dredging, back filling, rock trenching, rock placement, rock breaking, pipe laying and umbilical laying, occurred in 2009 laying and umbilical laying, occurred in , 2010 laying and umbilical laying, occurred in , 2012 laying and umbilical laying, occurred in and 2013 laying and umbilical laying, occurred in . In 2013 laying and umbilical laying, occurred in and 2014 , maintenance activities, such as multibeam and ROV operations to assess the integrity of the pipeline, occurred. Not related to the pipeline, acoustic (multi-beam, single-beam, sub-bottom profiler) surveys for seabed mapping were conducted within Broadhaven Bay by the Geological Survey of Ireland (GSI) during 18 d in July 2014.
Information regarding construction-related activity was obtained a posteriori from independent marine mammal observer (MMO) reports. Under the code of practice between the developers and the regulators, MMOs were required to be present on vessels at the commencement of noise-generating activities. MMOs undertook watches for marine mammals prior to construction-related activity and had the authority to implement mitigation measures, e.g. a delay in operation, depending on the circumstances (e.g. water depth, activity type and proximity of the animal to the vessel). The days that MMOs were oneffort during noise-generating activities were included in the analysis as construction-related activity days. As the GSI seabed surveys required MMOs to be on board, these were also included in the analysis as construction-related activity.
Shore-based surveys for marine mammals were conducted from 2 elevated platforms on opposite sides of the bay at Erris Head (62 m above mean sea level [MSL]) and Slugga (54 m above MSL; Fig. 1 ). These vantage points were selected because they overlooked the landfall site of the pipeline and the harbour at Ballyglass, where many of the support vessels involved in construction-related activity were berthed. Scans of the bay were conducted for 60 min by 1 or 2 observers per site during daylight hours in favourable weather conditions (Beaufort sea state < 4 and visibility ≥7 km). During each scan the bay was systematically scanned using a telescope (Kowa) equipped with a 32× wide-angle eyepiece (covering areas > 2 km from the observation site) and handheld binoculars (7 × 50; Steiner Navigator); the position of marine mammal sightings was taken using a theodolite (SOKKIA DT500A or FOIF DT205C). Vessel counts, vessel activity (e.g. fishing, construction-related, recreational) and environmental conditions were recorded during each scan. The positions of all vessels within the bay were recorded using the theodolite to provide a snapshot of vessel locations within the bay at ca. hourly intervals. Each scan was followed by a break of ~60 min to minimise observer fatigue. Time to the nearest high tide for each sighting was calculated using tidal data obtained from the Marine Institute (http://data. marine. ie) at the Ballyglass pier station situated within Broadhaven Bay.
Data analysis
The presence/absence of the 4 most regularly recorded species, common dolphin Delphinus delphis, minke whale Balaenoptera acutorostrata, harbour porpoise Phocoena phocoena and grey seal Halichoerus grypus was investigated at the scan-level, separately. To account for temporal autocorrelation in the model residuals, which was an issue for all 4 species, generalised estimating equations-generalised additive models (GEE-GAMs) were employed (Pirotta et al. 2011 , Booth et al. 2013 ) using the R package, geepack (Højsgaard & Halekoh 2006) . The data were blocked by site and date, within which the residuals were not considered independent (Hardin & Hilbe 2012) . The explanatory variables included in the analysis were time to nearest high tide, the number of vessels within the bay (as a proxy for boat traffic) and Beaufort sea state, all of which were standardised to their mean (Zuur et al. 2009 ). Year, site and presence/ absence of construction-related activity, defined as days that MMOs were on-effort during noise-generating activities (which included seismic surveys, multi-beam surveys, ROV surveys, dredging, back filling, rock trenching, rock placement, rock breaking, pipe laying and umbilical laying) were included as factors, and day-of-year was included as a B-spline with 3 df, which was applied using the R package splines (R Core Team 2015). Cyclic splines are not available in this package; as such, the priority was to account for the temporal autocorrelation in the residuals.
The site, the time to nearest high tide, vessel counts (boat traffic), day-of-year (seasonality) and year were included in the models because they have all been shown to affect the behaviour, temporal presence and/or distribution of marine mammals (Mendes et al. 2002 , Booth et al. 2013 , Pirotta et al. 2015 , whilst Beaufort sea state is widely acknowledged to influence detectability of marine mammals (Evans & Hammond 2004) . The explanatory variable year was used to assess, on a broad temporal scale, whether or not the intensity of construction-related activity, defined as the number of days of the year on which construction-related activity took place, had any influence on the occurrence of marine mammals within the bay. In turn, to investigate the influence of construction-related activity at a fine temporal scale, the presence/absence of construction-related activity on days when shore-based surveys were undertaken was included in the models. In the MMO reports, GPS coordinates of the active vessel were recorded irregularly; therefore, identifying the location of noise-generating vessels throughout their activities was not always possible. Instead, the location and density of vessels that were identified from shorebased surveys as assisting (e.g. support vessels transporting staff and materials) and/or being actively involved in construction-related activities were plotted by year to give an indication of where construction-related activity was likely to be occurring within the bay on days on which scans were undertaken. Vessel density was calculated using the kernel density tool in ESRI ArcGIS (version 10.2) using an output cell size of 100 and a search radius of 1000.
The number of vessels in the bay was significantly higher on days of construction-related activity (t = 18, df = 603, p < 0.0001). Consequently, 2 model structures for each species were used, one excluding construction-related activity and one excluding the vessels counts. To allow for direct comparison between the model structures, the same dataset was used. The generalised variance inflation factor (GVIF) was used to assess multicollinearity between the explanatory variables. The independence and an autoregressive (AR1) correlation structure were compared for each species for both global models (the models containing all explanatory variables) (Hardin & Hilbe 2012) using the quasi-likelihood information criterion (QIC; Pan 2001) where the model with the lowest QIC is considered to have the more appropriate correlation structure.
Model selection and goodness-of-fit
To avoid step-wise regression (Whittingham et al. 2006 , Hegyi & Zsolt Garamszegi 2011 , all possible combinations of the global model were compared to one another. To compare models within the same correlation structure the QICu was used (Hardin & Hilbe 2012) . Model inference was made using the best model and the models within a threshold of ΔQICu = 6 of the best model (i.e. a confidence set; cf. Burnham et al. 2011 , Richards et al. 2011 ). This approach acknowledges that the model with the lowest QICu score is not necessarily the most parsimonious model. Furthermore, to avoid retaining overly complex models, a model was only retained if its ΔQICu was smaller than the ΔQICu of all its simpler nested models (Burnham & Anderson 2002 , Richards 2008 , Richards et al. 2011 . The level of support for the influence of an explanatory variable was assessed based on the percentage of models within the confidence set that retained the explanatory variable of interest. As the model structures are competing hypotheses, this model selection process was only undertaken for the model structure with the overall best model (lowest QICu) for each of the 4 species.
The goodness-of-fit of the best model was evaluated using a confusion matrix, in which the binary predictions from the model were compared to the observed presence/absence of the species of interest. These were expressed as the proportion of occurrences correctly classified by the fitted model (Fielding & Bell 1997) . The cut-off above which a predicted probability was classified as a presence was selected using a receiver operating characteristic (ROC) curve, which plots the sensitivity (true-positive rate) versus the specificity (false-positive rate) for a binary response whilst the cut-off probability is varied (Zweig & Campbell 1993) . Following Pirotta et al. (2011) , the best cut-off probability for the observed data was calculated as the point where the distance between the ROC curve and the 45° diagonal was maximised. The area under the ROC curve (AUC) was calculated as an additional measure of model performance, where the closer to 1, the better the model (Boyce et al. 2002) . The confusion matrix and the ROC curve were calculated using the R packages ROCR (Sing et al. 2005) and PresenceAbsence (Freeman & Moisen 2008).
RESULTS
Shore-based surveys from at least 1 of the 2 vantage points were conducted on 327 d over the 6 yr, comprising 1551 scans of the bay. Sightings of common dolphin, minke whale, harbour porpoise and grey seal occurred in 160, 110, 76 and 179 scans, respectively. Of the 380 d on which construction-related activity was undertaken, 95 had at least 1 scan on that date. Within the bay, vessels that were identified from shore-based observations as assisting (e.g. support vessels transporting staff and materials) and/ or being actively involved in construction-related activities were typically recorded over the gas pipeline, with the highest density occurring close to the landfall site ( Fig. 2) . The greatest number of vessels within the bay occurred in 2009 (Fig. 3b) , and across the 6 yr, there was a peak in vessel numbers during the summer months, which corresponded to the more intensive periods of construction-related activity (Fig. 3a) .
Whilst controlling for factors that influence detectability and occurrence (e.g. tidal state, Beaufort sea state, site), there was evidence to suggest that construction-related activity or vessel traffic negatively influenced the occurrence of 3 of the 4 species (Table 1) . For minke whales, harbour porpoises and grey seals the best model structure was construction-related activity, the converse was the case for common dolphins. The GVIF was < 2 for the global model for the respective best model structure for all 4 species, indicating that multicollinearity was not an issue (Fox & Monette 1992) . The AR1 correlation structure was preferred for the global model for the respective best model structure for all 4 species (common dolphin ΔQIC = 8.85; minke whale ΔQIC = 5.38; harbour porpoise ΔQIC = 1.49; grey seal ΔQIC = 5.27). The goodness-of-fit metrics for the best model indicated a good model performance for all 4 species (AUC: 0.71−0.85, % presence: 65−72, % absence: 67−84; Table 1 ).
Day-of-year was retained in the best model for all 4 species, with strong support for the 3 cetacean species and moderate support for the grey seal (Table 1) . Both common dolphin and grey seal occurrence was greater during winter, minke whale occurrence peaked in autumn and early winter and harbour porpoise occurrence peaked during spring and winter (Fig. 4 ). As such, a peak in common dolphin, harbour porpoise and grey seal occurrence often overlapped with times of the year when constructionrelated activity and vessel numbers were reduced (Fig. 3a) .
Year was retained in the best model for all 4 species (Table 1) , with strong support for harbour porpoise and grey seal and modest support for common dolphin and minke whale; for all 4 species, 2009 had lower occurrence rates (Fig. 5) . With respect to the number of days of construction-related activity, 2009 was the most intensive year, with all observed constructionrelated activity occurring solely within the inner bay at the landfall site; conversely, 2011 was the only year where no construction-related activity was undertaken ( Figs. 2 & 3b) . Although the occurrence of all 4 species was lower in 2009, lower occurrences of these species did not always coincide with higher intensities of construction-related activity, and vice-versa (Fig. 5) . The temporally fine-scale ana lysis found that both minke whales and harbour porpoises were less likely Fig. 6 ). This explanatory variable was retained in the best model for both species, although there was only moderate support for this effect (Table 1) . For common dolphins, an increase in the number of vessels within the bay resulted in a decrease in the likelihood of sighting this species; there was strong support for this effect, and it was retained within the best model (Table 1 , Fig. 6 ). Al though the model structure containing constructionrelated activity was the best for grey seals, there was no support for the influence of this covariate (Table 1) .
DISCUSSION
This study provides evidence that, on a fine-temporal scale, the occurrence of common dolphins, minke whales and harbour porpoises within the bay was reduced by construction-related activity or vessel traffic. Inter-annual variation was also an influential factor in the occurrence of all 4 species; this was especially true for harbour porpoises and grey seals. For all 4 species, occurrence was low in 2009 as compared to subsequent years, which corresponded to the most intensive year of constructionrelated activity. Of those factors that it was not possible to include in the analysis, prey availability is one that inevitably influences distribution and abundance of marine mammals (e.g. Nottestad et al. 2015) , and al though there is a paucity of research on the direct and indirect impact of construction-related activity on fish species, there is No. of vessels per scan (Popper & Hastings 2009 , Gill et al. 2012 , De Robertis & Handegard 2013 , Radford et al. 2014 , Todd et al. 2015 . Therefore, it is possible that the inter-annual variation in marine mammal occurrence in the bay could have been influenced by a combination of both direct and indirect impacts of construction-related activities within the area, as well as natural stochastic processes. Of the construction-related activities that were involved in the gas pipeline, the majority of research investigating direct impacts on marine mammals has primarily focused on seismic surveys for exploration. These studies have documented changes in behaviour (Pirotta et al. 2014) , temporary threshold shifts in hearing (Lucke et al. 2009 ), avoidance (Stone & Tasker 2006) , and short-term displacement (Thompson et al. 2013a ). Few studies have explicitly investigated the impact of dredging, rock trenching or rock dumping on marine mammals. The noise emitted dur-ing these types of activities is most likely broadband, with most energy below 1 kHz (Reine et al. 2014 ) and is therefore unlikely to cause damage to the auditory systems of marine mammals (e.g. Kaste lein et al. 2002) . Consequently, it is perhaps not considered an immediate cause for concern; nevertheless, there is the potential impact of masking communication calls, behavioural changes and displacement (Pirotta et al. 2013) , particularly if activities directly impact on marine mammals' prey species (Todd et al. 2015) .
In the present study, there was evidence to suggest that fine-scale temporal occurrence of minke whales and harbour porpoises in the bay were influenced by the presence of construction-related activity in the area, with lower occurrence rates recorded on construction-related activity days. However, given the temporal and spatial scale of the construction-related activity, and the fact that multiple activity types (e.g. dredging and acoustic surveys) did, on occasion, occur on the same day, the effect of specific activities could not be determined. With respect to minke whales, there is little known about their hearing range; however, it is thought that they will be more sensitive to low frequency sounds (Nowacek et al. 2007) , which would suggest that seismic surveys could elicit a negative response from this species. Studies on other species of mysticete have found that individuals modify their call characteristics in response to seismic survey noise (humpback whale Megaptera novaeangliae, Risch et al. 2012 ; bowhead whale Balaena mysticetus, Blackwell et al. 2015) or during an increase in background anthropogenic noise (North Atlantic right whale Eubalaena glaci alis, Parks et al. 2011 ; blue whale Balaenoptera musculus, Melcón et al. 2012) . Under some scenarios, this could result in displacement from the impact zone as a direct response to reduce masking of communication calls (Stone & Tasker 2006) , for example. To date, there have been no studies directly investigating the influence of construction-related activity on minke whales. A previous study in Broadhaven Bay did provide evidence for a negative effect of ves-sels on minke whale occurrence (Anderwald et al. 2013) ; however, by including previously unavailable information, the present study demonstrates that this is more likely due to construction-related activity rather than the presence of particular vessel types per se. More broadly, previous studies have identified negative impacts of whale-watching activities on this species (Christiansen et al. 2013a,b) . Specifically, in the presence of boats, individuals performed shorter dives, increased their breathing rate and, during periods of interactions with whale-watching vessels, reduced their foraging activity (Christiansen et al. 2013a,b) . However, these studies did not present any findings with respect to avoidance behaviour, which suggests that the driving factor(s) for the potential negative impact of construction-related activity identified in the present study are likely to be different from those caused by ecotourism vessels.
Harbour porpoises are likely to be more sensitive to anthropogenic noise compared to other odontocetes (Ketten 2000 , Lucke et al. 2009 ). Both short-term (Thompson et al. 2013a ) and long-term displacement (Teilmann & Carstensen 2012) as well as changes in foraging behaviour (Pirotta et al. 2014) have been reported as likely consequences of construction-related activity to this species. In addition, harbour porpoises are also likely to actively avoid vessels (Hermannsen et al. 2014 , Dyndo et al. 2015 ; however, despite the present study finding evidence of constructionrelated activity reducing porpoise occurrence in the bay, it did not find any such pattern with respect to the number of vessels within the bay. Conversely, an increase in vessel numbers did have a strong, negative influence on the occurrence of common dolphins. Other studies have found evidence of this species showing avoidance behaviour towards ecotourism vessels (Neumann & Orams 2006) and for foraging and resting bouts to be disrupted during vessel interactions (Stockin et al. 2008 , Meissner et al. 2015 . However, despite construction-related activity days having a significantly higher number of vessels present, there was no evidence of a negative impact of construction-related activity on common dolphins. In contrast, Goold (1996) did find that seismic surveys impacted negatively upon common dolphin occurrence, although he suggested that avoidance behaviours may only have been over relatively short distances of ~1 km. In which case, for the present study, if the active vessel were conducting seismic surveys, then depending on its location, common dolphins could theoretically display such avoidance behaviour and still be recorded within the bay. The present study found seasonal patterns in the occurrence of all 4 species. For common dolphins, harbour porpoises and grey seals the models showed that peaks in these species' occurrence often overlapped with times of the year when construction-related activity and vessel numbers were reduced. This may be a natural pattern in seasonal variation; indeed, Wall (2013) reported a similar seasonal pattern for common dolphins and harbour porpoises in broader Irish waters, which tentatively suggests that seasonal patterns persisted irrespective of vessel traffic or construction- related activity and that any im pact is likely to have been short-term. The in crease in grey seal occurrence rates during the autumn and winter months may be explained by the close proximity (<10 km) of one of Ireland's largest grey seal breeding colonies (Cronin et al. 2007 ) and more localised foraging behaviour during the annual breeding season between August and December (Cronin et al. 2013) .
As noted previously, lower annual occurrences of the 4 species did not necessarily coincide with higher intensities of construction-related activity. This may be an indication of the variation in response to particular activities, as well as the intensity (with respect to duration of operation) and specific location of the activity in relation to the bay. As the latter was not regularly recorded in MMO reports, this limits our ability to investigate the potential for quantifying the finescale spatio−temporal impact of the diverse range of construction-related activities that occurred. Nevertheless, the observed response of the 4 species, coupled with what we know about their ecology and their spatial and temporal distribution in broader Irish waters, suggest that there were no long-term population effects as a result of construction-related activity or vessel traffic. However, a lack of empirical data often makes it difficult to quantify population consequences of disturbance, as a detailed knowledge of the spatial and temporal use of the area by the target species as well as a comprehensive understanding of the location, timing and potential impacts associated with disturbances, are required (Thompson et al. 2013b , Nabe-Nielsen et al. 2014 , King et al. 2015 . Even if these data are available, expert judgement is still often required to link disturbances to proxies for individual fitness, which then feed into population models (Thompson et al. 2013b , King et al. 2015 .
More broadly, the present study highlights the need for better communication and coordination between developers, regulators and scientists to maximise data collection and quality, which in turn will better inform our understanding of the potential impacts and how best to mitigate against them for future developments. How this is undertaken and achieved will vary depending on the activity (e.g. pile-driving, dredging), the sensitivity of the site in relation to the species (e.g. breeding or feeding area) and the behaviour and ecology of the species of interest (Evans & Hammond 2004 , Bailey et al. 2014 . One approach a monitoring programme can take for improving confidence in the conclusions of statistical models (i.e. increasing statistical power) is to increase survey effort (Taylor et al. 2007 ). In the case of marine mammals, survey effort is often limited by the high cost of conducting boat-based or aerial line transect surveys. Cost is less likely to be a limiting factor for shore-based surveys (Evans & Hammond 2004) . As a consequence, the present study was able to maximise survey effort by conducting year-round shore-based surveys. However, as is often the case in temperate climates like Ireland, suitable survey conditions (Beaufort sea state < 4 and visibility ≥7 km) are limited, especially during the autumn and winter (which can be further exacerbated by the shorter period of daylight during this time of the year). Consequently, the number of suitable survey days quite often becomes the limiting factor (notably, the same limitations would also be applicable to boat-based and aerial surveys). In scenarios where opportunities for undertaking surveys are reduced, one approach to increasing survey effort is to conduct multiple monitoring approaches simultaneously (Thompson et al. 2013a ). However, this can be logistically challenging and often requires unrealistic financial investment. Furthermore, potentially influential activities not pertaining to the particular development of interest may be underway in adjacent areas, sometimes unbeknown to the researchers undertaking the monitoring. If these additional activities are not appropriately accounted for in the analysis, as was done in the present study (i.e. the seabed mapping surveys conducted by the Geological Survey of Ireland), then the ability to determine the cause of observed impacts is likely confounded (Bailey et al. 2014) .
The need to quantify the potential direct and indirect anthropogenic impacts on marine mammals and other marine taxa continues to grow as applications for developments increase, particularly in the marine renewable energy sector, where technologies and devices are evolving rapidly, bringing yet another challenge to regulators (Witt et al. 2012 , Benjamins et al. 2015 . Consequently, regulators are under increasing pressure to ensure adequate protection of sensitive marine species in the face of multiple economic drivers for development. While there still remains a need to assess the relative impact of different construction-related activities across sensitive species for appropriate mitigation to be employed, the present study demonstrates the utility of a relatively low-cost visual monitoring programme to determine the additive effect of multiple construction-related activities at one site. Whilst this approach cannot determine the impact of individual construction-related activities in isolation, it does provide a realistic, cost-effective estimate of impacts when taken over an entire development, which may satisfy the requirements of regulators. Innovation (2006 Innovation ( -2013 . Thanks go to all those that as sisted in data collection and to earlier project managers Oliver Ó Cadhla, Anneli Englund and Mary Coleman. Thanks also go to Ronan O'Toole (Geological Survey Ireland) for providing the MMO reports for the INFOMAR project. We also thank Eamon Reilly and all the other landowners that allowed us access to their land in order to conduct the shore-based surveys. Finally, thank you to the 3 anonymous reviewers whose comments and suggestions improved the manuscript. 
